Abstract Urticaria and angioedema occur in up to 20 % of the population during their lifetime. Chronic urticaria and some hereditary angioedema states are more frequent in women and fluctuate during the hormonal cycle. This review describes the course of urticarial and angioedema states during pregnancy, as well as a possible role for sex hormones in the pathogenesis of different diseases, both chronic and cyclic urticarial diseases and diseases that occur only in pregnancy.
Introduction
Urticaria, commonly referred to as hives, appears as raised, well-circumscribed areas of erythema and edema involving the dermis and epidermis and accompanied by pruritus. In classic urticaria, lesions appear on different parts of the body, may confluent, and often resolve without leaving any scars.
Acute urticaria is very common. About 10 % to 20 % of the population experience an urticarial episode at some point during their lives, usually as a result of an allergic reaction, an infection, or direct histamine release by drugs [1] . If the lesions persist for more than 6 weeks, the urticaria is termed chronic, whereas shorter episodes are considered acute. The prevalence of chronic urticaria is 0.5 % to 1 % of the population, and women are affected twice as often as men [2] . The etiology of chronic urticaria may be physical, autoimmune, or idiopathic.
The pathogenesis of urticarial lesions is degranulation of mast cells and the release of vasoactive substances, the most important of which is histamine. This process is mediated by immunoglobulin E (IgE) binding to the Fcε receptor on mast cells. Other physical, chemical, and hormonal factors may lead to spontaneous degranulation of mast cells, not through an antigen-antibody mechanism [3] .
Angioedema is the swelling of deep dermis, subcutaneous, or submucosal tissue due to vascular leakage. It may appear on any part of the body, but if it involves the larynx or oral cavity, it may be life threatening. Although angioedema may accompany urticaria, it occurs alone in 10 % of cases; these cases respond to antihistamine and steroid treatment and therefore are considered histaminergic . In other cases, angioedema may appear as the sole manifestation and last for few days with no response to antihistamines; these cases are termed bradykininergic [4] .
There are no published data regarding the incidence of urticaria and angioedema in pregnancy; however, because it occurs in young women, its incidence probably is the same or even greater than in the general population. In this review, we discuss the different etiologies and manifestations of urticaria and angioedema in pregnancy.
Normal Hormonal Changes During Pregnancy
The human placenta is an endocrine organ, secreting hormones that enable the growth and development of the fetus and the physiologic changes in the maternal body. Among the hormones secreted by the placenta, the steroid hormones (estrogen and progesterone) play a crucial role in maintaining pregnancy. These hormones also may influence the occurrence of urticaria and angioedema during that period.
In the beginning of pregnancy, progesterone is secreted by the corpus luteum, and by the 9th week, the cells of the syncytiotrophoblast in the placenta become the main source of this hormone. Progesterone levels gradually peak during the second and third trimesters and reach maximum levels just before delivery. The principle action of this hormone is to support the endometrial tissue during pregnancy and to maintain quiescence of the myometrium, preventing its contractions. It also plays a role in immunomodulatory processes in the fetal-maternal interface.
Estriol, the main estrogen secreted in pregnancy, also is derived from the placenta, and its levels rise gradually to peak toward the end of gestation. Estriol stimulates the growth of the myometrium and antagonizes the myometrial-suppressing activity of progesterone. In many species, the high levels of estrogen in late gestation induce myometrial oxytocin receptors, preparing the uterus for parturition [5, 6] .
Estrogens and progesterones are considered immunomodulators because of their influence on many cells of the immune system, including CD4+ T cells [7] , dendritic cells [8] , B cells [9, 10] , eosinophils [11] , and mast cells [12] . Whereas estrogens usually enhance humoral immunity, progesterones and androgens are considered suppressors [13] ; both take part in the fluctuation of immune cell function during normal states, such as the menstrual cycle, and in disease states, such as autoimmunity or allergy. For example, some of the classic atopic diseases, such as asthma and atopic dermatitis, are more common in males before puberty and become more common in females after puberty [14] . Both estrogen and progesterone were described as contributors to the development of autoimmune diseases [15] , such as rheumatoid arthritis [16] and systemic lupus erythematosus, which primarily occur in females [17] .
Pregnancy is a special state in which a suppressive environment is crucial to prevent rejection of the "nonself" tissues of the fetus by the mother. This environment includes high levels of FoxP3+ regulatory T cells and relatively low levels of suppressor cells, natural killer cells, and Th1 lymphocytes in the placenta. Sex hormones play a major role in inducing this environment [18] but also might play a role in diseases during pregnancy.
Urticaria and Hormonal Changes
Estrogens were found to enhance histamine release from both rat mast cells and human basophils through estrogen receptor-α. Progesterone and testosterone inhibit histamine release from mast cells and basophils [19] . Synthetic estrogens, from either unknown origins or environmental pollutants, tend to accumulate in bodily tissues and theoretically can induce rapid histamine release from mast cells. Some studies present this theory as the basis for chronic idiopathic and chronic autoimmune urticaria [20] .
There are two specific urticarial dermatoses that occur only in pregnancy: pruritic urticarial plaques of pregnancy (PUPPP) and the first stage of pemphigoid gestationis. Other urticarial rashes that are not pregnancy specific may worsen or flare during pregnancy.
Exacerbations of Existing Urticaria or Angioedema During Pregnancy

Progesterone Urticaria
Progesterone urticaria is an autoimmune disease that is part of the spectrum of autoimmune dermatitis, which includes angioedema, erythema multiforme, papulovesicular eruptions, and fixed drug eruptions induced by progesterone. It is characterized by cyclic exacerbations during the luteal phase of the menstrual cycle and is related to fluctuations in serum progesterone levels, which rise a few days after ovulation and fall with the onset of menstruation. Lesions usually occur on the trunk and extremities but rarely may appear on the face or genitalia. Diagnosis often is challenging because it is similar in appearance to other chronic urticarias; however, the cyclic nature and positive skin tests for progesterone distinguish this rash [21] .
It is believed that some women treated with progesterone before and during pregnancy for placental insufficiency likely are sensitized to both the synthetic and the biologic compounds. These women might develop progesterone dermatitis or have worsening of their already-existing rash during pregnancy and the peripartum period [22] .
Reports on progesterone dermatitis in pregnancy are scarce, most likely because of the remission of disease in this period, which probably is a result of acquired desensitization to the rising levels of progesterone in contrast to the cyclic rise and fall during the menstrual cycle [23] . Nevertheless, a few articles describe the flare of disease during pregnancy. In one case report, progesterone dermatitis was induced by a metabolite of progesterone that was used as supplementation during pregnancy to prevent preterm birth [24] . In another case report, progesterone dermatitis became aggravated during the third trimester of pregnancy, necessitating high doses of steroids [25] .
Treatment with antihistamines and steroids for progesterone dermatitis usually is not sufficient. Oral contraceptives that prevent ovulation (and thereby also prevent progesterone increases) are useful, but this treatment is not suitable during pregnancy. Desensitization to synthetic progesterone was reported as successful, especially during in vitro fertilization [26] . In severe cases, oophorectomy is an option [25] .
Estrogen-Induced Urticaria
Estrogen dermatitis is an uncommon disease occurring as cyclic exacerbations of skin eruptions during ovulation and premenstrually. Urticaria is only one of the rashes described in this disease [27••] . Patients test positive on intradermal skin testing for estrogen, and they respond to estrogen receptor antagonists such as tamoxifen and progesterone therapy. It is postulated that Langerhans cells play a role in the pathogenesis of disease [28] . There are no reports in the literature about estrogen dermatitis during pregnancy.
Chronic Urticaria During Pregnancy
Autoimmunity is more frequent in patients with chronic urticaria, which is shown by the increased risk of autoimmune thyroid diseases [29] and the occurrence of IgG antibodies directed to the high-affinity IgE receptor (FCε receptor I) on mast cells and basophils or to IgE in 40 % of patients [30] . The high frequency of chronic urticaria in women suggests a possible correlation between sex hormones and the autoimmunity. In one study conducted by Asero [31] , about three fourths of female patients with chronic urticaria had positive autologous serum skin tests, which were found to correlate with the autoantibodies mentioned earlier. The frequency in men was only one third. Nevertheless, no direct influence of estrogen or progesterone has ever been demonstrated as a major factor in the pathogenesis of chronic urticaria. A few studies, however, found that patients with chronic urticaria tend to have lower levels of dehydroepiandrosterone sulfate, an androgenic hormone with immunomodulatory functions. It is believed that lower levels of this hormone might contribute to disease flare [32] . Surprisingly, there is no definite pattern for chronic urticaria during pregnancy. Flare-ups may occur in some patients, whereas improvement may occur in others. Albeit the physical changes occurring in the female body during pregnancy, there are no case reports concerning the worsening of physical urticaria during that period.
Hereditary Angioedema in Pregnancy
Types I and II Hereditary Angioedema
Hereditary angioedema (HAE) is a rare disease (1:10,000-50,000) [33] in which episodes of edema of the skin and mucous membranes develop. Episodes may last 2 to 5 days and resolve spontaneously, but if they involve the larynx or oral cavity, they may lead to airway obstruction and death. However, the most common site of involvement is the abdomen [34] .
The pathogenesis of HAE includes either deficiency (type I) or malfunction (type II) of C1 esterase inhibitor (C1EI), which is a key enzyme in three different pathways:
In patients with HAE, the fibrinolysis and complement pathways may compensate for the lack of C1EI, so its deficiency does not lead to clinical manifestations. However, overactivation of kallikrein in the contact system is responsible for bradykinin accumulation in the blood and tissues of patients and to the vasodilatatory effect that leads to edema [35] .
Whereas type I HAE occurs in 85 % of cases, type II occurs in only 15 %. More than 300 mutations already have been described on the gene for C1EI, on chromosome 11, and the disease is inherited in an autosomal dominant fashion. Twenty-five percent of cases are sporadic, and some carriers never develop the disease [36•] .
The main trigger for an attack is tissue damage, which probably activates the coagulation, complement, and contact systems. For example, dental repair might lead to perioral swelling, whereas an upper respiratory tract infection may result in laryngeal edema [37] . Other triggers to the disease include drugs (e.g., angiotensin-converting enzyme [ACE] inhibitors) and hormonal changes. Although HAE is transferred in an autosomal dominant fashion, penetrance is increased in females [34] , and the course of their disease is more severe [38] .
Estrogen has been shown to affect the contact and coagulation systems by increasing the levels and function of factor XII, prekallikrein, kallikrein, and high molecular weight kininogen, all of which are involved in the process of bradykinin formation. Estrogens also up-regulate the expression and potentiate the activity of bradykinin receptor B 2 [39] . The influence of progesterone on the course of HAE is inconclusive. It is known to raise the levels of kallikrein, thereby increasing bradykinin formation. In one study, it was found that high levels (>4 nmol/L) of progesterone in nonpregnant women was related to a higher frequency of attacks [40] . In other studies, however, progesterone-containing contraceptives were found to ameliorate the course of disease [41•] .
The attack rate may increase, decrease, or remain the same during pregnancy. Bouillet et al. [41•] reported an increase in exacerbations during pregnancy in 38 % of women, a decrease in 30 %, and no change in 32 %. In the international guidelines concerning gynecologic and obstetric management of female patients with HAE [42••], a higher attack rate was reported in the first trimester of pregnancy [40, 43, 44•] . Some reports also present an increase in attack rates in the second [44•] or third trimester [45•] . It is believed that the rapid elevation in estrogen levels at the beginning and at the end of pregnancy and the increase in prolactogenic hormones are responsible for this rise, whereas the balance between estrogen and progesterone in the second trimester decreases the rate of attacks. The cessation of chronic medications such as danazole during pregnancy is mandatory because of its virilizing effect on the fetus, but it often leads to exacerbations. During pregnancy, attacks occur more frequently in the abdomen, sometimes mimicking uterine contractions and surgical emergencies [45•] . In several case reports, a higher attack rate also was observed during puerperium [46] .
Delivery itself, however, did not provoke attacks, except for rare local swelling of the genitalia [47] , and there were no more caesarian sections in patients with HAE than in the normal population [48] . Some studies claimed that symptomatic women with HAE experience more spontaneous abortions and premature labor [49] , whereas others did not find any evidence for this [45•, 48] .
Factors associated with a more aggressive course in pregnancy include early onset of disease in life, bearing a fetus with C1EI deficiency, and disease exacerbation during menses [39] . According to some studies, the course of disease during a previous pregnancy might predict the clinical picture in subsequent pregnancies [41•] .
Type III HAE
In 2000, a new type of HAE was described by Bork et al. [50] . This type is a familial angioedema in which more than 90 % of patients are women and both the level and function of C1EI are normal. Typically, the disease does not occur in childhood but occurs after the second decade of life with infrequent attacks, which usually involve the face, tongue, and larynx [51••] .
So far, two missense mutations (Thr309Arg, Thr309Lys) and one deletion of 72 base pairs have been described in the gene to factor XII and by a yet unknown mechanism that potentiates the contact pathway and probably increases bradykinin production, leading to angioedema. Inheritance is autosomal dominant with incomplete penetrance [52, 53] .
As in type I/II HAE, trauma or pressure on the skin might generate an attack. In type III HAE, however, estrogen as a trigger is much more prominent than in type I/II [50, 54] , although in some patients, estrogen had a partial or no impact on symptoms [55] . Over 62 % of patients with angioedema and normal C1EI levels reported either worsening or induction of symptoms by estrogens [56] . In another case series, 17 of 27 women reported the occurrence of the first attack shortly after starting oral contraceptives containing estrogens.
Estrogens were proved to reduce plasma C1-inhibitor levels [51••] and to increase the transcription of factor XII, plasma prekallikrein, and bradykinin 2 receptors. Estrogens also decrease the levels of ACE inhibitor, a key enzyme in the degradation of bradykinin [39] .
Surprisingly, pregnancy has a variable impact on the course of HAE type III. In one study, pregnancy was the trigger for the first attack in 3 of 25 cases, and in 7 women, attacks became more frequent and severe [57••] . In another case, pregnant women bearing the mutation developed severe complications, including fetal death [58] . In other cases, pregnancy did not lead to exacerbations. Because it is a rare disease, not enough information is known about its course during pregnancy.
Acute Treatment During Pregnancy
Unlike in chronic urticaria and angioedema, histamine does not play a role in the pathogenesis of the disease. Therefore, urticarial rashes and pruritus are lacking and patients do not respond to antihistamines or steroids [51••] .
C1EI concentrates, given intravenously, are the drug of choice for acute attacks of type I/II HAE in pregnancy [44•, 45•, 59 ••]. They were found to be safe during pregnancy, with no increase in fetal anomalies [44•, 45 •], although no controlled studies have been performed in pregnant women. C1EI concentrate also may be given before procedures such as amniocentesis and chorionic villi sampling. There is no indication for its regular use before delivery, but it should be kept in the delivery room and be given in cases of traumatic labor, such as forceps or vacuum use; if intubation is needed; or if the patient has a history of severe attacks during the third trimester [42••] . Treatment with C1EI concentrate in women with type III HAE was found to be effective in some patients [55, 57••] and ineffective in others [54] . There are no data concerning treatment during pregnancy.
Other well-known medications for HAE, such as bradykinin receptor antagonist (icatibant) and kallikrein inhibitor (ecallantide), are not approved for use in pregnancy because there is little information about their teratogenic potential. They should be stopped 1 week before attempting conception [42••] .
Specific "Urticarial-Like" Dermatoses of Pregnancy
Although urticarial-like rashes are not pure urticarias, their lesions may have urticarial characteristics during the disease course. PUPPP PUPPP is a benign, self-limited rash that usually occurs in women in the late third trimester of pregnancy; it consists of urticarial papules and plaques, accompanied by intense pruritus [60] . It is the most common dermatosis of pregnancy, occurring in 1 in 160 pregnancies, usually in the first pregnancy, and more often in twin/triplet pregnancies and in obese patients. The rash usually occurs within striae and spreads to the extremities, where it may become confluent with urticarial plaques. Involvement of the palms, soles, or face is uncommon [60] . Skin biopsy, although unnecessary for diagnosis, reveals nonspecific changes with perivascular lymphocytic infiltrate, mostly T helper cells with scarce eosinophils or neutrophils. Dermal immunofluorescence usually is negative [22] , although in some patients dermal immunofluorescence is positive for a granular pattern because of deposits of IgA/IgM and C3 in the dermal-epidermal junction [61] .
Although the pathogenesis is unknown, it may be related to mechanical factors such as stretching of the abdomen or to maternal exposure to fetal antigens [62, 63] . A role has been suggested for sex hormones, especially progesterone, which was shown to aggravate inflammation at the tissue level. Increased reactivity of progesterone receptors has been seen in skin lesions of PUPPP [64] .
The rash and pruritus gradually resolve after delivery. Treatment is symptomatic and includes low-to mid-potency steroidal creams. The rash does not tend to recur in subsequent pregnancies [60] .
Pemphigoid Gestationis
Pemphigoid gestationis is a rare disease that occurs in 1 in 50,000 to 60,000 pregnancies. It begins in the second or third trimester as pruritus, typically around the umbilicus, followed by a papular urticarial rash with erythematous plaques on the abdomen, trunk, limbs, and back. The mucous membranes and face are spared. After 1 to 2 weeks, large blisters develop [22] . Direct immunofluorescence is positive for C3 in the basal membrane zone and, in some cases, also positive for IgG1. An immune response to placental matrix antigen, which cross-reacts with skin antigens, is suspected to be the main pathophysiologic feature of disease, and such a protein was identified as bullous pemphigoid antigen 2 [65] . Disease recurrence in women using oral contraceptives in 20 % to 50 % of cases and the potential worsening during the premenstrual period support the theory that hormonal factors also play an essential role in the pathogenesis of the disease [66, 67] . Treatment is with potent corticosteroid ointments, and rarely with oral steroids, combined with antihistamines. The prognosis for the mother is good, although the disease tends to recur in subsequent pregnancies [22] .
Conclusions
Estrogen and progesterone levels, which rise dramatically in pregnancy, probably play a role in at least some urticarial rashes and angioedema states. The influence of estrogens on bradykininergic angioedema of HAE type I/II is the most prominent, and they might aggravate the disease, especially in the first and last trimesters of pregnancy. HAE attacks during pregnancy are more common in the abdomen, probably because of the enormous changes in the uterus and microtrauma during fetal development. Factors associated with a more aggressive course in pregnancy include a disease onset early in life, bearing a fetus with C1EI deficiency, and disease exacerbation during menses. Delivery in patients with HAE type I/II usually is uneventful, and C1EI concentrate is not indicated routinely. Pregnancy has a variable impact on the course of HAE type III. Progesterone and estrogen dermatitis, which tends to fluctuate during the menstrual cycle, usually remits during pregnancy, although exacerbation is described in some case reports. Chronic urticaria is unlikely to flare in pregnancy. Special dermatoses of pregnancy include PUPPP and pemphigoid gestationis, with urticarial-like lesions that occur during the second or third trimester of pregnancy and resolve after delivery. Sex hormones might play some role in the pathogenesis of disease.
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